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Abstract

Plasma expanders (PEs) are administered fluids to restore blood volume when massive
blood loss occurs. Modified tapioca starch might be an interesting source for PE such as
hydroxypropyl, acid-thinned tapioca starch. The objectives of this study were to prepare and
characterize plasma expanders from hydroxypropyl, acid-thinned tapioca starch and to compare
the physical properties of hydroxypropyl, acid-thinned tapioca starch-based PEs with Voluven
(6% hydroxyethyl starch 130/0.4; 6% HES 130/0.4). Hydroxypropyl, acid-thinned tapioca starch
was prepared by the etherification with propylene oxide to acid modified tapioca starch.
Hydroxypropyl, acid-thinned tapioca starch was mixed with 0.9% sodium chloride solution to
obtain 8 concentrations (1, 3,4, 5, 6, 7, 8 and 10 % weight per volume) of PE. Physical properties
were determined such as turbidity, pH, colloid osmotic pressure (COP) and viscosity. The effects
of PE on morphology of red blood cells and blood plasma properties were investigated. The
results showed that the physical properties of hydroxypropyl, acid-thinned tapioca starch-based
PE depended on the concentration of hydroxypropyl, acid-thinned tapioca starch. Furthermore,
hydroxypropyl, acid-thinned tapioca starch-based PE had higher turbidity and pH than 6% HES
130/0.4. A change of shape and surface of red blood cells were observed when mixing blood with
hydroxypropyl, acid-thinned tapioca starch-based PE. The COP of 8% hydroxypropyl, acid-
thinned tapioca starch-based PE was closed to 6% HES 130/0.4. In addition, the viscosity of 6%
hydroxypropyl, acid-thinned tapioca starch-based PE was also closed to 6% HES 130/0.4.
However some properties of 6% hydroxypropyl, acid-thinned tapioca starch-based PE were
different compared to 6% HES 130/0.4. Therefore, it is necessary to investigate on further
modification of hydroxypropyl, acid-thinned tapioca starch to obtain proper physical properties of
PE.

Keyword: Plasma expander, Physical properties, Modified tapioca starch, Hydroxyethyl starch
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MARUIN U

310 ¥1 1aasg1a1e Blood smear ANMITNAY 1%HPS 01 60 Tu (A) 1don08 19887 (B) 1%HPS
(442 °C) HAUNUIABA (C) 1%HPS (24+2 °C) WANA VAR (B TUNINITNAADI) (D) 1ADA
2861919887 (E) 1%HPS (422 °C) HaruAUIaDA 1Az (F) 1%HPS (24+2 °C) maunudea (Wiu'li

ﬁu ﬁﬁﬂ‘ﬂ']ﬂﬁ']ﬂ'liﬂﬂﬁ@ﬂ)

e (‘7.:7‘}

d’ 1 ] 9 9 d' % | A 1 = % d‘ o
sUn v2 L!ﬁﬂﬂgﬂfﬂﬂ Blood smear AMULUNUU 3%HPS N1 1 U (A) (A9ADYIUAYI U IUNTN

Y

o A o A o A A ' A
N1TNAABDN (B) 3%HPS WaunNU@aa 4 IUNNINITNAAD (C) [BREREANER] N’]uvl‘l] 1 AU

HAIINTIININAADI LA (D) 3%HPS NENNULA0A N'"I‘Llhl‘]Jl AU 1A ININNINABDY
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510 ¥3 1aasg1a1e Blood smear ANMITNAY 3%HPS 01 30 Tu (A) idon0d 1988 (B) 3%HPS
(42 °C) HANAVIADA (C) 3%HPS (2422 °C) HErUAUIADA (81 TUNTINIINAADI) (D) 1aDABE1
1087 (B) 3%HPS (4+2 °C) HAUAUIADA 118z (F) 3%HPS (24+2 °C) maunudea (Wiu'l1 au

WA INMINITNAADY)

(@ W Oz o (a0 Ay

31 4 uanaz1/a10 Blood smear ANUITU 3%HPST 60 Tu (A) 1ioADI1URET (B) 3%HPS
(442 °C) HAUAVIADA (C) 3%HPS (24+2 °C) HAUNVIADA (8 IUNTININAADI) (D) 1a0ABE14
1087 (B) 3%HPS (442 °C) HAUAUIA0A 1182 (F) 3%HPS (24+2 °C) Haunudea (|iu'll au

ﬁﬁﬂﬂWﬂﬁWﬂﬁﬂﬂa@Q)
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U7 v5 uaaagais Blood smear AU 3%HP 1 90 Tu (A) 1AoA0E10RY7
(B) 3%HPS (442 °C) WarunU1aon (C) 3%HPS (24+2 °C) HAUA V@A (8 TUNNINITNAADI)
(D) 12908191887 (E) 3%HPS (4+2 °C) Haruf U109 1ag (F) 3%HPS (24+2 °C) Hauf U199

@11 Au dwIniinianeae)

V‘ s ) ¢ @) £ > ( S
v ' 9y 9 H o 1 @ { o
317 v6 aae31/a18 Blood smear ANUITNTU 4%HPS 71 1 U (A) 1d0ADE 1A B TUT

L'

v A v A o A ' = ' A
N15NA00Y (B) 4%HPS NaunUtaoa o IUNNINITNAaDN (C) LaDadd1NLAYg fulal 1 A

HAIINTIININAADI LA (D) 4%HPS NENNULA0A N'"I‘Llhl‘]Jl AU 1A ININNINABDY
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510 ¥4 1aas31a10 Blood smear ANITNAY 4%HPS 01 30 Tu (A) 1don0E 1988 (B) 4%HPS
(42 °C) NANAVIADA (C) 4%HPS (2422 °C) HEUAUIADA (81 TUNTINIINAADI) (D) 1aDABE1
1087 (B) 4%HPS (4+2 °C) HAUAUIADA 11ag (F) 4%HPS (24+2 °C) maunudea (Wiu'lal1 au

WA INMINITNAADY)

_ Gy S ot (T : (

31 48 uanaz1/a10 Blood smear AMIANTY 4%HPS 11 60 T1 (A) 1d0n0619RYY (B) 4%HPS

(442 °C) HAUAVIADA (C) 4%HPS (24+2 °C) HAUN VDA (8 IUNTININAADI) (D) 1a0ABE14
1087 (B) 4%HPS (442 °C) HAUAUIADA 11ag (F) 4%HPS (24+2 °C) Haunudea (Wiu'll au

ﬁﬁﬂﬂWﬂﬁWﬂﬁﬂﬂa’Oﬂ)
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517 ¥9 11aas31a10 Blood smear ANITUAY 4%HPS 01 90 Tu (A) 1don08 1988 (B) 4%HPS
(42 °C) NANAVIADA (C) 4%HPS (2422 °C) HErUAUIADA (81 TUNTINIINAADI) (D) 1aDABE1
1087 (B) 4%HPS (4+2 °C) HAUAUIADA 11ag (F) 4%HPS (24+2 °C) maunudea (Wiu'l1 au

WA INMINITNAADI)

D EE A

d' B ' 9 9’ o A 1 \ = v A o
51]7] Y10 L!ﬁﬂﬂgﬂﬂ’]ﬂ Blood smear ANMANIU 5%HPS N1 1 17U (A) 1a9ADYINIAYY U IUNN

L'

v A v A o A ' = ' A
N15NA00Y (B) 4%HPS NaunUtaoa & IUNNINITNAaDN (C) LaDadd1NLAYg fulal 1 A

HAIINIININAADI LAz (D) 4%HPS NENNULA0A N'"I‘L!hl‘]Jl AU HAI NN NABDY
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4 I

9y 9

UM w11 naaegila1s Blood smear ANMMANTU 5%HPS 01 30 T4 (A) HoABE1UAYY (B)
5%HPS (4+2 °C) HAUNUIADA (C) 5%HPS (24+2 °C) WANAVIADA (A JUNINITNAAn) (D)
1D0ADENUAYY (E) 5%HPS (4+2 °C) HAURLIADA 1AL (F) 5%HPS (2442 °C) HaunLIaea (W11

Ta1 Au vdw1niinisnaae)

( \'7-“ (@ i = QG ( o

U7 w12 uaaagio1o Blood smear Amdudu 5%HPS 1 60 Tu (A) 1d0n0d191RY7

(B) 5%HPS (4£2°C) HAUAUIADA (C) 5%HPS (24+2°C) HANAUIADA (A TUNIAITNAADI)
(D) 129ABE1UAYY (E) 5%HPS (4+£2°C) HAUNLUIADA 1Az (F) 5%HPS (24+2°C) HauALULa0n

(w'm"lﬂl Au WA INNINITNAADY)
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51U 413 uaaegi)a1e Blood smear AMdudU 5%HPS 1190 Tu (A) 1Hon0d19RY)
(B) 5%HPS (4+2°C) Haruf U199 (C) 5%HPS (24+2°C) HAUA VAN (8 TUNNINITNAADI)
(D) 189A08191887 (E) 5%HPS (4+2°C) WaAufUaoa uag (F) 5%HPS (24+2°C) Hauf U109

@11 Au dwIniinianeae)

i (( )’
Q0 . @I ¢

MR @roe » Il SIS OR@) RO A @ )l

=1

U7 w14 uaaagioio Blood smear A1dudu 6%HPS 11 60 Tu (A) 1A0n0d191RY7
(B) 6%HPS (4+2 °C) HAUNUIA0A (C) 6%HP (24+2 °C) HANAUIADA (A TUNIAITNAAD)
(D) 180AD811AY7 (E) 6%HPS (4+2 °C) NANNUIABA 1A (F) 6%HPS (24+2 °C) HaNA LA 0a

(w'm"lﬂl Au WA INMINITNAADY)
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51N v15 1anag1/1e Blood smear ANUIAUATY 7%HPS #i 1 U (A) 1doAod 1R & Tuni

U

AINAABY (B) 4%HPS Warunu@oa o JUNNIN1INAaed (C) taeass1aaed Wiu'lal 1 A

NAIINIINTNAADI LA (D) 4%HPS Nﬁllﬁlﬂlaﬂﬂ w'm"th ﬁu NAIINIINIINAADY

317 v16 31/819 Blood smear AT U 7%HPS 01 30 1 (A) 1doABE1UAYY (B) 7%HPS
(442 °C) HAUAVIADA (C) 7%HPS (24+2 °C) HAUN VDA (8 IUNTININAADI) (D) 1a0ABE14
1087 (B) 7%HPS (442 °C) HAUAUIA0A 11ag (F) 7%HPS (24+2 °C) Haunudea (Wiu'lll au

ﬁﬁﬂﬂWﬂﬁWﬂﬁﬂﬂa’Oﬂ)
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(0N

(B) 7%HPS

.

5U7 417 31/810 Blood smear A gAY 7%HPS 1 60 Tu (A) 1doR0E1URYY

(42 °C) HANAVIADA (C) 7%HPS (2422 °C) HEUAUIADA (81 TUNTINIINAADI) (D) 1aDABE1
1087 (E) 7%HPS (2422 °C) HauRULaen 1ag (F) 7%HPS (24+2 °C) waunu@ea (Wiu'l1 au
WA INMINITNAADY)

THO) 1; @) ,i-‘
O ®;

I8 ). g \ A

517 ¥18 31610 Blood smear AU 7%HPS #i 90 TU (A) 1ABADE 1R (B) 7%HPS

L'

(442 °C) HAUAVIADA (C) 7%HPS (24+2 °C) HAUN VDA (8 IUNTININAADI) (D) 1a0ABE14
1087 (B) 7%HPS (442 °C) WU U109 11ag (F) 7%HPS (24+2 °C) Haunudea (Wiu'll au

ﬁﬁlﬂ‘t]']ﬂﬁ']ﬂ']iﬂﬂa’f)\i)
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517 19 31818 Blood smear AT Y 8%HPS 1 1 Tu (A) rioand 10 & FuNviins

NAa04 (B) 4%HPS Haunu@on a1 JuNinsnaasd (C) tasasdnaded il 1 Au vdan

MNINAand 1ay (D) 4%HPS waunu@ea 1wl Au ndiniinInaass

L))

317 420 31/819 Blood smear AMMFNTU 8%HPS 01 30 1 (A) 1doABE1UAYY (B) 8%HPS
(442 °C) HEUAVIADA (C) 8%HPS (24+2 °C) HAUNVIADA (8 IUNTIINITNAADI) (D) 1a0ABE14
= [ A w A 1 A

1987 (E) 8%HPS (442 °C) Naunutaea uag (F) 8%HPS (2442 °C) NaUNULADA (mu"l‘ﬂl AU

ﬁﬁﬂﬂWﬂﬁWﬂﬁﬂﬂﬁ@ﬂ)
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517 21 31/810 Blood smear AMIduAY 8%HPS 1 60 Tu (A) 1i0R0E19HEY (B) 8%HPS

'

(42 °C) HANAVIADA (C) 8%HPS (2442 °C) WarUAUIADA (81 TUNTINIINAADI) (D) 1aDABE1
1087 (E) 8%HPS (442 °C) WaNi1U1aoa uag (F) 8%HPS (24+2 °C)naunuden (Wiu'll1 au

ﬁﬁi‘ﬂ'lﬂﬁ'lﬂ'liﬂﬂﬂ@\i)

Y |l Vi) ) [© DA iz

317 v22 31/819 Blood smear NI 8%HPS 01 90 U (A) 1doABE1UAYY (B) 8%HPS
(442 °C) HAUAVIADA (C) 8%HPS (24+2 °C) HAUN VDA (8 IUNTININAADI) (D) 1a0ABE14
1087 (B) 8%HPS (4+2 °C) HAUAUIADA 11ag (F) 8%HPS (24+2 °C) waunudea (Wiu'lll au

ﬁﬁﬂﬂWﬂﬁWﬂﬁﬂﬂﬁ@ﬂ)
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517 ¥23 31/818 Blood smear AN 10%HPS #1 60 T1 (A) 1H0ABE1URYY (B) 10%HPS
(442 °C) HAUAVIADA (C) 10%HPS (24+2 °C) HAUAVIADA (U TUNMINITNAADI) (D) 1ava
28191987 (E) 10%HPS (4+2 °C) #aufu@aoa uag (F) 10%HPS (24+2 °C) waunuaon (6wl

1 AU ¥8991N1IN1TNARDY)

[ ( ) A

31 v24 31/818 Blood smear AU 6%HES130/0.4 11 60 TU (A) idoand1ufs) & ufl
MMINAanI (B) 6%HES130/0.4 HaunuIaoa a1 JUNMN1Inaaod (C) taeaogaded Wiu'lll
1 AU ¥189910911N1INAA04 tag (D) 6%HES130/0.4 waunuasa Miu'ld1 Au vaiainiinig

NAaDdN
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